INTRODUCTION
Many studies have highlighted the high biological productivity around the South Georgia Islands (WARD et al., 2002 (WARD et al., , 2003 GILPIN et al., 2002; ATKINSON et al., 2001; WHITEHOUSE et al., 1996; ATKINSON; PECK, 1988) and, to a lesser extent, the South Orkney Islands (SIGLEO et al., 2000) . Research has been focused mainly on euphausiids (particularly Euphausia superba) and copepods, (e.g. ATKINSON, 1998; VORONINA, 1998; FRANSZ; GONZALEZ, 1997) , while other components of the mesozooplankton have scarcely been investigated. However, they may play a major role in our understanding of the productivity of the Southern Ocean.
Pteropods (thecosomes and gymnosomes) are ubiquitous components of zooplankton communities, with some species being extremely abundant in different areas. The genus Limacina is often reported as one of the components of mesozooplankton in subAntarctic and Antarctic waters, and may represent an important food source for whales and large fish ( DADON, 1999) . The gymnosomes are also frequent but usually in low abundances, showing a very patchy distribution since most species are specialized predators (LALLI; GILMER, 1989) . The presence and density of thecosomes and gymnosomes are affected by ecosystem changes (HUNT et al., 2008) . Salps can be important during spring and summer through the formation of blooms, when they can be significant grazers of primary production. They consume a wide range of food particles with 100% efficiency (FORTIER et al., 1994; MADIN; CETTA, 1984) competing effectively with other primary consumers. Chaetognaths are active predators and constitute a link in the transfer of energy from copepods (their primary prey) to higher trophic levels (TERAZAKI, 1998) . Planktonic polychaetes include both grazers and voracious predators (PETTIBONE, 1963) , but are less abundant than chaetognaths. Some species may, at times, be the dominant forms in the plankton community and can be of considerable importance as food for fishes (PETTIBONE, 1963) . Available data indicate that pteropods, polychaetes, salps and chaetognaths are regionally significant components of the Southern Ocean pelagic ecosystem. It was on this basis that the present work studied the frequency and density of species, their relationship with some environmental variables, and the horizontal and vertical distribution patterns of these mesozooplankton groups around the islands of South Georgia and South Orkney and the WeddellScotia Confluence to expand the information available on their ecological aspects.
MATERIAL AND METHODS
The South Georgia Island (SG, 53º10'-55º48'S and 34º4'-39º8'W) and the South Orkney Islands (SO, 57º37'-61º1'S and 45º14'-50º31'W) are located in the Atlantic sector of the Southern Ocean (Fig. 1) . The Antarctic Circumpolar Current (ACC) flows eastward around the Antarctic continent as a series of parallel strips delimited by fronts, including the Polar Front (PF) to the north, the Southern Front of the Antarctic Circumpolar Current (SACCF) and the Southern Boundary of the Antarctic Circumpolar Current (SBACC) to the south (ORSI et al., 1995) . SG is a mountainous island with a broad continental shelf, located in the Antarctic Zone between the PF to the north and the SACCF to the south. The SACCF, as hown in Figure 1 turns around the entire continental shelf of the island from the south to the west and north because of the particular bathymetry of the region, giving rise to eddies and meanders WARD et al., 2002) . The surface water around the islands consists of Antarctic Superficial Water (ASW), whose salinity and temperature vary, respectively, between 33 and 34.5 in summer and 1.9ºC and 1 ºC in winter and -1ºC and 4ºC in summer (ORSI et al., 1995) .
The SO islands are located outside the ACC, south of the SBACC, in the Subpolar Zone (Fig.  1 ) north of the Weddell Gyre, an area that remains frozen from mid-March to early December. The ASW around SO presents average values of salinity and temperature of 33.9 and 0.8ºC respectively (ORSI et al., 1995) . The area between SG and SO ( Fig. 1) includes the interface between the Weddell and Scotia seas, the WeddellScotia Confluence (WSC), often located to the north of SO (DEACON, 1982; PATTERSON; SIEVERS, 1980) and to the south of the SBACC.
A total of 383 samples were collected in 1995 from 104 oceanographic stations located around SO (March 11-23) and SG (February 10-24 and March 25April 2). Sampling was carried out on board the R.V. Dr. Eduardo L. Holmberg. Figure 1 shows the study area, the locations of the oceanographic stations sampled and the mean position of the PF, SACCF and SBACC, according to Orsi et al. (1995) . Oceanographic data were obtained at each sampling station with a Neil Brown Instrument Systems (NBIS) MKIIIB CTD profiler (data in TOSONOTTO, 2000) .
Zooplankton samples were taken in oblique tows using a Nansen net (0.70 m mouth opening, 200µm mesh size) equipped with a flowmeter, at four depth strata (0-25, 25-50, 50-100, and 100-200 m) . The samples were preserved in 5% buffered formaldehyde. All the polychaetes, chaetognaths and salps were sorted out, stained with methylene blue, identified under a dissecting microscope and counted. Aliquots containing at least 100 individuals of Thecosomata were obtained with a Russell subsampler (due to the large number of organisms in this group), identified and counted.
To analyze the vertical distribution pattern of the most frequent species, the density (logx+1), where x=ind/1000 m, was compared as between day and night for each stratum using analysis of variance (ANOVA) with two fixed factors: stratum (levels: 0-25, 25-50, 50-100, and 100-200 m) and time of the day (levels day and night). When appropriate, post-hoc comparisons were made with the Tukey test. Assumptions of normality and homoscedasticity were previously tested with Kolmogorov-Smirnov and Bartlett's tests, respectively (SOKAL; ROHLF, 1997). Differences were considered statistically significant at p<0.05. The relationships between the density (ind./1000 m) of each species and the following environmental and spatial-temporal variables: temperature, salinity, mean depth, distance to the bottom, day length and time of the day, were analyzed with the canonical correspondence analysis method (CCA, TER BRAAK, 1987 , 1990 ) using the CANOCO program. Latitude and longitude were used as co-variables.
RESULTS
The variations in salinity and temperature found at SG, SO and the WSC are shown in Figures 2 (a, b). Around SG, salinity varied between 33 and 34.3 and temperature between 5.4 and 3.0 °C. Around San Pedro Island (the main SG island), a temperature drop from 3.0°C to 1.5°C, and an increase in salinity from 33.7 to 34.3, can be observed when transposing the SACCF (Figs 2 a, b) . Around SO the ASW presented salinities between 34.3 and 33.7 and temperatures between 1.5°C and 0.8°C.
Although the PF was undetected during the sampling, it is known to occur in the vicinity of SG (GORDON, 1971; ORSI et al., 1995) and its average location is shown in Figure 1 . The greatest variations in temperature and salinity were observed at the WSC.
The species found in the present study included the chaetognaths: Eukrohnia hamata (Möbius), 1875, Sagitta gazellae Ritter-Zahony, 1909; the pteropods Clione limacina antarctica, (Smith, 1902) The species frequency of occurrence differed between oceanic areas. Around the SG, L. retroversa appeared in 76% of the samples, P. longicirrata in 44%, E. hamata in 34%, and S. gazellae in 16%. In the Weddell-Scotia Confluence, the most frequent species were P. longicirrata and S. thompsoni (55% of the samples) followed by L. retroversa (29%) and E. hamata (22%). The frequency of L. helicina was similar in both areas (74-76%) and only juveniles of E. hamata and S. gazellae were found. The remaining species showed a frequency lower than 16%. Around SO the highest frequency was that of L. helicina (75%), followed by P. longicirrata (12.5%), the only two species found. (Figs 3 a, b) . It was found in all the strata studied (Figs 4 a, b) , its density being significantly higher at nighttime (Table 1) .
Limacina retroversa had a similar distribution to that of L. helicina but occurred at higher densities (19 and 71 x 10 ind./1000 m). Its abundance was higher at SG, decreased in the WSC and only a few individuals were found at SO (Figs 3 c, d ). Around SG, densities increased significantly at night, with maximum values for the uppermost stratum (Table 1) . In the WSC, it was found exclusively at night, with a higher density at between 50-100 m depth (Figs 4 c, d ). Clio sulcata was a rare species with a patchy distribution, showing the lowest density around SG (ca . 28 ind./1000 m) and the highest density in the WSC (100 ind./1000 m). It was not found around SO (Figs 3 c, d ) and was almost completely absent during the day and, although abundant at night, it did not migrate into the 0-25 m layer (Figs 4 e, f).
Gymnosomata
Clione limacina antarctica was recorded at a few stations located to the south and east of SG and in the WSC, while it was absent around SO (Figs 3 e, f) . The highest abundance (450 ind./1000 m) was observed at the northernmost station of the WSC, densities tending to increase at night and below 25 m depth (Figs 4 g, h) . Spongiobranchaea australis was more frequent around SG, less frequent in the WSC and absent at SO. Density ranged between 13 ind./1000 m around SG to 375 ind./1000 m at the northernmost station of the WSC (Fig 3 e, f) . Densities tended to increase at night and between 50-100 m depth (Figs 4 i, j) .
Chaetognatha
Eukrohnia hamata was the most frequent and abundant chaetognath species. It was more frequent around SG, decreased in the WSC and was absent around SO (Figs 3 g, h) . Density ranged between 15 and 5330 ind./1000 m, higher values being found north of 59º40'. It was present at all depths (Fig.  4 k, l) and no significant differences were found among strata (Table 1) . Abundance tended to increase at night around SO. Most of the individuals found between 0-200 m depth were at stage I (ovaries as small round bodies, testes as thin tubes) and theremainder, which were at stage II (ovaries and testes undergoing development, seminal vesicles absent), were found below 150 m depth.
Sagitta gazellae was only found around SG and in the WSC. It was more frequent to the south of SG and density was higher at offshore stations (1052 ind./1000 m), with values decreasing southward (Fig.  3 I, J ). There were significant differences in density among strata (Table 1 ). Density was higher between 100-200 m depth at SG and 50-100 m at WSC (Figs 4 m, n). All individuals were at stage I.
Polychaeta
Pelagobia longicirrata was the most frequent and abundant polychaete species. Its density ranged between 11 and 10810 ind./1000 m around SG, was higher (29170 ind./ 1000 m) at stations north of the WSC and decreased toward SO, where it was only found at one station (Fig. 3 k, l) . In general, density was higher to the south and east of SG (off the shelf) and at night. This latter fact was evidenced by large nighttime densities in the 25-50 and 0-25 strata (Figs 4 o, p). Although there were no significant differences among strata (Table 1) , this species was more abundant between 50-0 m depth.
Rhynchonereella bongraini was a rare species with a patchy distribution, occurring at a few stations around SG.
The highest density (117 ind./1000 m) was reached in the south of the WSC but the species was absent at SO (Figs 3 m, n) . It was found in all strata of the WSC, but only between 100200 m at SG; its density tended to increase at night (Figs 4 r, s) .
Tomopteris planktonis was found scattered throughout the study area, with densities between 9 and 498 ind./1000 m. The higher densities were recorded offshore, to the southeast of SG and the lowest to the north of SO (Figs 3 m, n) . Density varied Tomopteris septentrionalis was found at a few stations around SG, mainly to the southeast of the islands, and was absent at latitudes below 59º40'S. Density ranged between 13 and 498 ind./1000 m (Figs 3 m, n) , and was higher at night (Figs 4 v, w) .
Tomopteris carpenterii was only found at a few stations to the south of SG, from 0 to 200m, with densities between 11 and 26 ind. /1000 m (Figs 3 m,  n) , and exclusively at night (Fig. 4 x) .
Salpidae
Salpa thompsoni was found between 57 and 59ºS and was absent around SG. The oozooid/blastozooid ratio was 1:36. Density ranged between 19 and 189 ind./1000 m 3 ( Fig. 3o) with higher values at night (Fig. 4 y) .
Statistical Analysis
The following variables were significant in the CCA: mean depth (p= 0.001), distance to the bottom (p= 0.001), day length (p= 0.001), and mean temperature (p= 0.013). Figure 5 shows the resulting ordination diagram. The results did not show separate groups of species clearly, they seemed rather to be arranged along the mean depth and temperature axes. Limacina helicina, L. retroversa and Pelagobia longicirrata are more likely to be related to lower mean depths and higher temperatures, whereas R. bongraini, T. septentrionalis and C. limacina antarctica showed the opposite pattern. In the area around SO, the species were not clustered according to the environmental or spatial variables considered (p>0.05). 
DISCUSSION AND CONCLUSIONS
The salinity and temperature values recorded agree with the average surface values obtained by Orsi et al. (1995) for the month of February (33.9 and 0.8ºC). However, the temperature found south of SO (0.8°C) is higher than the expected value for the ASW of the Weddell Sea in late March. Probably this increase indicates the intrusion of water from the CWS in the north of the Weddell Gyre (Isbert Perlender, unpublished data).
Differences were found in the abundance and distribution patterns of the different taxa. The South Georgia islands showed the highest number of species (13) and abundance, followed by the WSC, with the same number of species but registering lower abundances, and by SO with only 2 species and the lowest densities.
Pteropoda outnumbered all the other taxa analyzed by a factor of 100, L. helicina and L. retroversa being the most abundant. The density of L. helicina was almost twice the value reported by Pvakhomo and Perissinotto (1997) , 4076 ind ./mvs 2681 ind. /m respectively, while that of L. retroversa was relatively close to the one reported by Hunt et al. (2008) , 710 ind./mvs 807 ind./m. Limacina spp contributed significantly to the total zooplankton number, with higher values than those found for Euphausia spp, an important heterotrophic group. Gallotti and Marschoff (2004) showed, during the same survey, that larval stages of Euphausia superba were only found at a few stations around SG with densities <500 ind./m, whereas in the WSC they were highly frequent and reached a density of about 1000 ind./m. Polychaeta was the second group in abundance, among the species encountered Tomopteris planktonis, T. septentrionalis and Pelagobia longicirrata were considered to be cosmopolitan, P. longicirrata was, however, the only one also present in SO. Its presence at temperatures between 3.2 and 0.8ºC coincides with that recorded by Day (1967) who proposed that despite its cosmopolitan character, it has an affinity for cold waters. Although Rinchonereela bongraini is abundant in Antarctic and sub-Antarctic waters (TEBBLE, 1960; ORENSANZ; RAMIREZ, 1975) and T. carpenterii is endemic to Antarctic waters (TEBBLE, 1960) , both species were found in low frequency and density. Among chaetognats, Eukrohnia hamata was the dominant species, with much higher densities around SG than those reported for the same area by Atkinson and Peck (1988) for the summer 1981-1982. The highest abundance of juveniles was found in the upper strata whereas adults were found at a greater depth. This fact suggests ontogenic migration along the water column. The vertical distribution of the adults of E. hamata and Sagitta gazzellae coincides with those given in other studies undertaken in the area investigated (HAGEN 1985; DURÓ et al., 1999) . However, Duró and Gili (2000) reported higher densities of juveniles of both species in deeper layers of the Weddell Sea (1000-500 m) during late austral spring, suggesting that this result was related to an adaptation of the life cycle of these species to the hard seasonal conditions of the Antarctic.
Although Salpa thompsoni is the most abundant and common salp species in the Southern Ocean, it was not found off SG or SO in this study. Its absence around SG may be related to elevated chlorophyll-a concentrations usually present in the area (GILPIN et al., 2002; ATKINSON et al., 2001) . High phytoplankton concentrations can cause the clogging of the salps' filter feeding system (HARBISON; MCALISTER, 1979) which may lead to the inability to feed. Perissinotto and Pakhomov (1998) found that S. thompsoni virtually disappeared when chlorophyll-a concentrations reached levels between 1.5 and 3 mg./m, suggesting that this species prefers waters with intermediate values of phytoplankton. Deibel (1985) found that at high food concentration, the muscular contraction of salps became shallow and irregular, causing a decline of the clearance rate and the clogging of the filtering apparatus. Temperature also affects muscular contraction, and in some species, the temperature decrease produces a slowing or a cessation of muscular contraction, thereby affecting the feeding rate. Further, some observations suggest that the population growth of Salpa thompsoni is slower in the ice-edge area (CASARETO; NEMOTO, 1986) . The influence of the cold waters from the Weddell Sea is probably the cause of the absence of this species to the south of SO, while the intermediate values of temperature and chlorophyll-a found in the WSC would favor the occurrence of S. thompsoni in this area. On the other hand, our results indicated that this species reached its highest density in the euphotic zone of the open ocean in both day and nighttime. The 1:36 oozooid: blastozooid ratio found in this study and the presence of young blastozooids suggests that the oozooids were reproducing actively. However, the population did not reach the densities commonly observed in summer (1000 ind./1000 m) during blooms as was found by Chiba et al. (1999) . Although the most frequent species around SG, L. helicina, L. retroversa and P. longicirrata, were found at all the depths studied, they were more abundant between 0 and 100 m depth. The vertical variations in their density may be due to diel migrations and to a lesser extent to net avoidance. Many pteropod species show low densities in shallow waters, when they migrate to deeper strata, and higher densities at night, when they migrate upwards. In addition, Støp-Bowitz (1981) suggested net avoidance for the polychaete P.
longicirrata, but this behavior was not observed in L. helicina or L. retroversa ( BOLTOVSKOY, 1981) . The dominance of L. helicina juveniles observed in this study may be due to ontogenetic vertical migration with the adults occurring deeper in the water column, as reported by KOBAYASHI (1974) .
The high chlorophyll-a concentrations frequently recorded in the area around SG (GILPIN et al., 2002; ATKINSON et al., 2001 ) may be related to the high concentrations of nutrients introduced from the east, via the SACCF (KORB et al. 2004 ) and may be associated with the remarkably high density and frequency of pteropod species, especially L. helicina and L. Retrovers, to the south of SG. These phytoplankton blooms support a high biomass of filter-feeding zooplankton such as krill, copepods and pteropods, which may, in their turn, support high densities of predators like E. hamata and S. gazellae. Sub-Antarctic water intrusions detected to the south of San Pedro Island (the main island of SG) could explain the high densities of L. retroversa, a species characteristic of sub-Antarctic waters (DADON; MASELLO, 1999; ESNAL, 1995) . The high abundance of species found at station 316 ( Fig. 1) , located between SACCF and SB, could be related to the presence of eddies carrying organisms from the north, including species inhabiting sub-Antarctic waters.
Contrary to Van Der Spoel´s (1967) conclusions, our results suggest that the Polar Front (Fig. 1) , which has been historically located some distance to the north of the sampling area (ORSI et al., 1995) , is not the southern limit of the distribution of stenoecious zooplankters, particularly thecosome pteropods. On the mesoscale, the sporadic presence of L. retroversa around SO would indicate that the WSC is the southern distribution limit of this strictly subantarctic mesozooplankton species. This study extends the known distribution of L. retroversa further south, near the WSC. Although most of the species were distributed around SG and in the WSC, the densities of C. limacina antarctica and S. australis were, respectively, two to four times higher in the WSC than off SG. The opposite pattern was found for L. retroversa, T. planktonis, T. carpenterii and S. thompsoni, whose densities decreased markedly toward the WSC and were absent at stations near SO. Thus the WSC seems to be the southern distribution limit of these species, probably due to the abrupt decrease in temperature (from 4.2 to 0.9ºC) and salinity (from 33.9 to 34.3) in surface waters. None of the distribution of the species found in this analysis seems to be affected by the SBACC.
